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AIRLOADS  INVESTIGATION  OF  AN  O.03O-SCAL?  MODFL 
OF  THE  SPACE  SHUHLE  VEHICLE 
140A/B  UUNCH  CONFIGURATION  (MODEL  47-OTS) 

IN  THE  ARC  9-  BY  7-FOOT  UNITARY  PlAN  WIND  TUNNEL 
FOR  MACH  1.55  AND  2.2  (IA14B) 

VOLUME  1 

By  R.  L.  Gllllns,  Rockwell  IntOrnatlonal  Space  Division 

ABSTRACT 

ThU  report  presents  results  of  tests  conducted  on  an  0. 030-scale 
launch  configuration  model  of  the  Space  Shuttle  Vehicle  140A/B  in  the  NASA/ 
ARC  9-  by  7-Foot  Unitary  Plan  Wind  Tunnel.  Aerodynamic  loads  data  were 
obtained  at  Mach  numbers  of  1.55  and  2.2. 

Surface  pressure  distributions  were  obtained  simultaneously  with  six- 
component  stability  and  control  force  data  on  the  complete  launch  configu- 
ration. The  configuration  consisted  of  the  orbiter,  an  external  tank,  two 
solid  rocket  boosters,  and  associated  f ntercomponent  attach  hardware.  Angles 
of  attack  and  sideslip  from  -8  degrees  to  +8  degrees  were  investigated. 

The  tests,  designated  IA14B,  were  conducted  from  17  September  1973  through 
19  September  1973. 
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The  plotted  pt^ssure  data,  presented  as  a function  of  angle  of  side- 
slip, angle  of  attack,  and  geometric  parameters,  a re  representative  of  the 
tabulated  data  presented  In  Volume  2.  A sunmary  of  the  pressure  data 
plotted  Is  given  below. 
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INTRODUCTION 


The  0. 030-Scale  Aero  Loads  Space  Shuttle  model  was  tested  In  the  ARC 

Unitary  Rian  Wind  Tunnel  as  follows: 

1A14A  4 thru  13  Sept.  1973 

IA14B  17  thru  19  Sept.  1973 

0A22A  13  thru  14  Sept.  1973 

0A22B  19  thru  20  Sept.  1973 


The  testing  was  conducted  in  the  11 -foot  and  the  9-  by  7-foot  tur  eU 
of  the  ARC  Unitary  Plan  Wind  Tunnels.  The  IA14A/B  tests  were  for  the  launc 


configurations  at  Mach  numbers  from  0.6  thru  2.2.  The  0A22A/B  tests  were  for 
the  orbiter  alone  configurations  at  Mach  numbers  from  0.6  thru  2.2.  The  ef- 
fects Of  control  surface  deflections  were  also  investigated  in  tests  0A22A/B. 

This  report  for  test  IA14B  consists  of  two  volumes.  The  first  volume 
contains  all  force  data  and  the  plotted  pressure  data.  The  second  volume 
contains  the  tabulated  pressure  data. 


Volume  No.  Contents 

1 IA14B  force  data 

IA14B  plotted  pressure  data 


Page 


mi- 

It! 

pi 

(f 

(9 

li! 

Si 

ip! 


Orbiter  fuselage  (B) 

1-84 

Orbiter  base  (C) 

85-108 

OMS  nozzle  (E) 

109-136 

Body  flap  (F) 

137-160 

OMS  pod  outside  (M) 

161-184 

Lower  wing  surface  (L) 

18S-2B8 

Upper  wing  surface  (U) 

289-392 

Left  vertical  tail  surface  (V) 

393-428 

Right  vertical  tail  surface  (R) 

429-464 

SRM  booster  (S) 

465-528 

External  tank  (T) 

529-596 

SRM  nozzle  (X) 

597-608 

External  tank  base  & SRM  booster  base  (Y) 

609-632 

Orbiter  attach  points  (1) 

633-700 

External  tank  attach  points  (2) 

701-730 

External  tank  base  rake  (3) 

731-738 

ft 


81MB0L 

ft 

Cp 

M 

P 

q 

rn/l 

V 

o 

p 


PLOT 

safflOL 


CP 

MACK 

Q(NSM) 

Q(PSP) 

RN/L 

ALPHA 

BETA 

PSI 

PHI 


Ab 

b BREP 

c.g. 

c 

C SREF 

MRP 
XMRP 
XMRP 
2MRP 

SUBSCRIPTS 

b 

1 

43 

t 

CO 


WOMiWCLATURE 

Oenernl 

DiFIRIglQM 

apoed  of  sound;  m/sec,  ft/oec 
precaure  coefficient;  (pj^  - p«)/q 

Mach  number;  v/a 

pressure;  N/m^,  pef 

dynamic  pressure;  l/2pV®,  N/m®,  psf 

unit  Reynolds  nuort>er;  per  m,  per  ft 
velocity;  m/sec,  ft/sec 
angle  of  attach,  degrees 
angle  of  sideslip,  degrees 
angle  of  yaw,  degrees 
angle  of  roll,  degrees 
mass  density;  kg/m^,  slugs/ft^ 
Reference  & C.G.  Definitions 

base  area;  m^,  ft^ 

reference  span;  m,  ft 

center  of  gravity 

reference  length  or  wing  mean 
aerodynamic  chord;  m,  ft 

wing  area  or  reference  area;  m*^,  ft^ 

moment  reference  point 

moment  reference  point  on  X axis 

moment  reference  point  on  I axis 

moment  reference  point  on  Z axis 

base 

local 

static  conditions 
total  conditions 
free  stream 
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N(»tB}CLA!IIURE  (Continued) 
Body»Axls  System 


PLOT 

SYMBOL 

SlOfflOL 

DEPINITIOM 

% 

CN 

normal-force  coefficient;  force 

qS 

Ca 

CA 

axial-force  coefficient;  ®xlal  force 

qS 

Cy 

cr 

side-force  coefficient;  force 

qS 

"Ab 

CAB 

base-force  coefficient;  force 

qS 

“Ab(Pb  - p«)/qs 

CAy 

CAP 

forebody  axial  force  coefficient,  C;^  - C;^^ 

CIM 

qsinBp 

CXN 

yawing-moment  coefficient;  yawing 

(^Sb 

H 

CBL 

roUing-moment  coefficient; 

qSb 

Stabili'^-Axis  System 

Cl 

CL 

lift  coefficient; 

qS 

Cd 

CD 

drag  coefficient;  drag 

qs 

CDB 

base-drag  coefficient; 

qS 

CD, 

CDF 

forebody  drag  coefficient;  Cp  - 

Cy 

CY 

side -force  coefficient; 

qS 

On 

CIM 

qSfREP 

cut 

yawing-moment  coefficient;  yawing^PQPCP^ 

CSL 

qSb 

l/d 

l/d 

llft-to-drag  ratio;  Cj/Cj) 
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NOMENCLATURE  (Continued) 
Additions  to  Standard  List 


Plot 

Symbol  Symbol 


Definition 


model  base  area,  subscript  Is  base  orifice  number 
and  Identifies  location 


CAB  model  base  axl airforce  coefficient 


) 


CA 


model  static  pressure  coefficient,  subscript  Is 
orifice  number*  [P^  j - P^,]/q 

axial-force  coefficient,  unadjusted 


forebody  axial -force  coefficient,  C.,.  adjusted  for 
base  terms  ^ 


ET 

IV 

^REF 


external  tank 

■^'’^9'^ated  vehicle,  consists  of  orbiter,  external 
tank,  and  two  sol  Id  rocket  motors 

LREF  reference  length.  Inches 


MRC 


moment  reference  center 


OMS 

«e 

«f 

«R 

«SB 


T 


ELEVON 

BDFLAP 

RUDDER 

SPDBRK 

ORBINC 

BETAT 


orbital  maneuvering  system 

eleven,  surface  deflecton  angle,  positive  deflection 
trailing  edge  down,  degrees 


orbiter  body  flap  deflection  angle,  positive  de- 
flection angle  Is  trailing  edge  down,  degrees 

rudder,  surface  deflection  angle,  positive  deflection 
trailing  edge  to  the  left  degrees 


speed  brake  deflection  angle,  split  rudder  deflection 
angle,  left  split  rudder  trailing  edge  left  and  right 
split  rudder  trailing  edge  right,  » («di  + 
positive  deflection,  degrees  SB  ' RL  ®RR"‘* 


Incidence  angle  between  the  orbiter  and  external 
tank,  “ °o  " ®T»  degrees 

angle  of  sluesllp  of  external  tank 
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NOMENCLATURE  (Continued) 


“T 

ALPHA! 

LB 

h 

LT 

Is 

LS 

^NM 

LNM 

^NP 

LNP 

b/2 

BW 

BV 

X 

X 

y 

Y 

z 

Z 

S# 

cw 

s 

cv 

x/ie 

X/LB 

x/it 

X/LT 

x/is 

X/L 

X/LNM 

x/iNP 

X/LNP 

X/Cw 

x/cw 

angle  of  attack  of  external  tank 
length  of  orbiter  body,  in 
length  of  external  tank,  in 
length  of  SRM  booster,  in 

length  of  OMS  nozzle,  positive  direction  forwarr* 
of  exit  plane,  in 

length  of  MPS  nozzle,  positive  direction  forward’ 
of  exit  plane,  in 

wing  semi -span,  in 

vertical  tail  span,  in 

distance  from  component  nose,  in 

lateral  distance  from  centerline,  in 

vertical  distance  measured  from  W.L.  500  (vertical 
tail  reference  root  chord),  in 

local  wing  chord,  in 

local  vertical  tail  chord,  in 

longitudinal  position/orbiter  body  length 

longitudinal  pos'iti on/external  tank  length 

longitudinal  position/booster  length 

longitudinal  position/OMS  nozzle  length 

longitudinal  position/MPS  nozzle  length 

local  chordwise  position/ local  wing  chord  length 


NOM£NCUTURE  (Concluded) 


X/CV  local  chordwise  position/ local  vertical  tall 
chord  length 

Y/BW  local  spanwise  positlon/wing  semi -span 
Z/BV  local  spanwise  position/ vertical  tall  span 

XCP/L  center  of  pressure  distance  from  MRC.  expressed  as 
a fraction  of  body  length 

BETAO  angle  of  sideslip  of  orbiter 

ALPHAO  angle  of  attack  of  orbiter 
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CONFIGURATIONS  INVESTIGATED 

The  0.030-scale  Aero  Loads  Model,  47-OTS,  was  configured  after  the 
Shuttle  Vehicle  MCR  0200  Baseline  Rl,  as  defined  in  drawing  number  VL72- 
000088B.  The  orbiter  was  a combination  of  the  VL70-000140A  orbiter  and 
a VL70-000140B  wing  and  midbody,  from  which  the  140A/B  designation  was 
derived.  The  basic  launch  configuration,  designated  0^  T12  hz  ^25* 
consisted  of  the  orbiter,  an  external  tank  with  simulated  fuel  and  vent 

lines,  and  two  solid  rocket  boosters. 

Two  launch  configurations  were  tested.  Both  were  mounted  on  a dual 

balance  and  sting  arrangement  illustrated  in  figure  2c.  One  was  the 
basic  configuration  mounted  on  a dual  balance  and  sting  arrangement  il- 
lustrated in  figure  2a.  The  second  configuration  contained  simulated 
attach  hardware  designated  ATn,  which  was  attached  to  the  orbiter  but 
not  to  the  external  tank,  illustrated  in  figures  2b  and  2d.  The  SRB-to-ET 
attach  hardware  was  simulated  at  the  forward  attach  location  but  not  at 
the  aft  attach  location.  Model  and  component  general  arrangements  are 
shown  in  figures  2d  through  2n. 

Description 

140A/B  orbiter,  less  the  main  propulsion 
systmn  nozzles 

324-inch  diameter  external  tank  with  ogive 
rose  and  external  fuel  and  vent  lines 

143.3-inch  diameter  solid  rocket  boosters 

Nozzles  for  S^2  boosters 

Orbiter-to-ET  attach  hardware,  fixed  to 
orbiter  only 

J 


Component 

0l 

T12 

S12 

N25 

ATil 
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INSTRUMENTATION  DESCRIPTION 

The  left  side  of  the  orbiter  and  the  external  tank,  and  the  left  hand 
SRB  were  extensively  Instrumented  with  pressure  orifices  for  measurement  of 
surface  static  pressure  distributions.  Additiohally,  there  were  clusters 
of  orifices  around  inter-component  attach  structure  locations  on  the  right 
hand  side  of  the  orbiter  and  external  tank.  The  orbiter  contained  471 
operational  orifices,  of  which  83  were  clustered  around  attach  structure. 

The  external  tank  contained  270  operational  orifices,  of  which  127  were 
clustered  around  attach  structure.  The  SRB  contained  124  operational 
orifices.  A two-tube  total  pressure  rake  was  installed  in  the  opening  between 
the  orbiter  and  external  tank.  Tables  and  sketches  defining  orifice  locations 
are  included  in  this  report.  All  model  pressures  were  measured  by  model 
mounted  Scanivalve,  Inc.,  S-type  scaniyalve  modules  - twelve  in  the  orbiter, 
seven  in  the  external  tank,  and  five  In  the  SRB. 

Force  instrumentation  consisted  of  a six-component  internal  force 
balance  in  both  the  orbiter  and  external  tank  for  the  LV  and  LVAP  configura- 
tions. 


TEST  FACILITY  DESCRIPTION 


The  tests  were  conducted  in  the  Ames  9-  by  7-Foot  Supersonic  Wind 
Tunnel.  This  tunnel  Is  a variable  density,  continuous  Flow  type  with  an 
adjustable  nozzle  to  permit  supersonic  testing  over  a Mach  number  range 
continuously  variable  from  1.5  to  2.5.  The  nozzle  Is  of  the  asymmetric. 
sVtdlng-block  type  In  which  the  variation  of  the  test  section  Mach  mmber 
Is  achieved  by  translating.  In  the  strearawlse  direction,  the  fixed-contour 
block  that  forms  the  floor  of  the  nozzle. 
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DATA  REDUCTION 


Data  were  reduced  to  coefficient  form  about  body  axes  using  the 
following  reference  constants: 


^REF 

» 2.421 

ft^ 

^REF 

- 38.709  In 

A]  • 

0.07670 

ft^ 

0.21340 

^3* 

0.08560 

ft^ 

reference  area  for  force  and  moment  coefficients 
reference  length  for  moment  coefficients 
Orbi ter  sting  cavity 
Orbiter  heat  shield  base.. 

Orbi ter  OMS  base  (2) 


A^  B (see  table  be1ow)0rb1ter  speed  brake  base 


A50I  * 0*07266  ft^ 

Tank  sting  cavity 

A502  ' 0.44264  ft^ 

Tank  base  . 

Agoi  = 0.19600  ft^ 

SRM  nozzle  base  (2) 

Ago2  » 0.16590  ft^ 

SRM  skirt  base  (2) 

= 0 deg 

14.92 

^A  - 0 ft^ 

0.02327 

^MRP 


‘‘MRP 


24.92 

34.92 

54.92 

84.92 

= 0 In 
= 0 In 
» 9.999  In 


0.03866 

0.05370 

0.08252 

0.12083 


I 
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The  Incidence  an^le  between  the  orbiter  and  the  external  tank  Is 
equal  to  zero  for  anqie  of  attack  ant  ngle  of  sideslip.  Therefore*  the 
angle  of  attack,  ALPHA,  used  In  the  force  plots  Is  equal  to  ALPHAO.  Also 
the  angle  of  sideslip,  BETA,  used  In  the  force  plots  Is  equal  to  BETAO. 

The  force  and  moment  data  recorded  by  the  orbiter  and  external  tank 
balances  for  configurations  LV  and  LVAP  are  Identified  as  RB30XX  and 
RB3IXX  datasets,  respectively. 

The  pressure  data  were  recorded  for  each  cofflponei.t.  The  fourth  char- 
acter in  each  dataset  identifier  (I.e.,  RB3BXX,  B for  fuselage)  represents 
the  Individual  component.  The  following  list  Indicates  the  symbol  for 
each  component. 


SYMBOL 

B 

C 

E 

F 

M 

L 

U 

R 

V 

S 

T 


COMPONENT 

Orbiter  fuselage 

Orbiter  base 

OMS  nozzle 

Body  flap 

OMS  pod  outside 

Lower  wing  surface 

Upper  wing  surface 

Right  vertical  tall  surface 

Left  vertical  tall  surface 

SRM  booster 

External  tank 
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SYMBOL  component 

X SRM  nozzle 

Y External  tank  base  & SRM  booster  base 

1 Orbiter  attach  points 

2 ExtetfYial  tank  attach  points 

3 External  tank  base  rake 
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TABLE  III  . - IfCfDSL  DIMBBSIOSAL  M1!A 


MODEL  COMFOBEST:  AtZACH  STRUCTUHS  - 

QEKERAL  DESCRIPTIONt  Attach  struetxire«  saag  atf  ATir>  except  the  fofwird 
attach  struts  are  rotated  to  the  vertical,  and  the  structura  extertda 
ftCin  the  arbiter  but  Is  not  attached  to  the  tank.  


MODEL  SCALE:  Q.o^ 


DIMENSIONS:  FOIL  SCALE 


FORWARD  AmCH 

Orbiter  to  Thnk 

Location  - In. 

*0  38a .000 

% U33.000 

Clearance,  tank  to  strut  - In.  16.667 


DRAG  LINK  AmCB 

Orbiter  to  Ihnk  , 

Clearance,  tank  to  strut  - In.  8.333 

APT  ATTACH 

Orbiter  to  TUnk 

Clearance,  Tank  to  strut  - In.  8.333 
Crossover  Rod 

Clearance,  tank  to  strut  - in.  8.333 


MODEL  SCALE 


11.460 

3.3.990 

-ax5oa 

0.250 

0.250 

0.250 
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TABLE  III.  - Continued. 

HDDEL  COMPONEKT:  ~ ^26 . . .. 

6CNCPAL  DESCRIPTION:.  Orbiter  Fuselage  Configuration  140  A/B 
MOTE:  identical  to  8^4  except  underside  of  fuselage  refairod  to 

Accept  Wix6‘ 

Model  Scale  « »0SD  

VL70-000193 


DRAWING  NUMBER:  Vt7p-pO_0140A_ 

« 

DIMENSIONS: 

FULL-SCALE 

MODEL  SCALE 

LeifQth  (Body  Fvfd  Sta  * 2?8)  - in. 

1293;? 

38.799 

Max.  Width  (at  Xq  • 1520)  - in. 

262.0 

7.860 

Max.  Depth  (at  X^,  » 1464)  - in. 

2SO.O 

7.S00 

Fineness  Ratio 

0.26357 

0.2635'^ 

Area  - ft* 

Max.  Cross-Sectional 

Planform 

Wetted 

Base 

340.88462 

0.30679 
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TABLE  III.  - Continued. 

0 

M0D£L  COMPONENT:  ELEVON  - £35 


GENERAL  DESCRIPTION;  ConfiT-^r&ticn  4 ^ 

KOTS;  VL70-000400  d for  (1)  cf  (2)  sides.  Identical  to  E25  except 
altfoil  thickness 


l!bdel  See.le  » .630 

VL70-00S  200 

DRAWING  NU!i3ER:  VL70~000140  B 

DIMENSIONS; 

Area 

Span  (equivalent) 

Inb*d  equivalent  chord 

Outb’d  equivalent  chord 

Ratio  movable  surface  chord/ 
total  Surface  chord 

At  Inb'd  equiv.  chord 

At  Outb'd  equiv.  chord 

Sweep  Back  Angles*  degrees 

.. . ^ Leading  Edge 

. . -I.  Tailing  Edge 

Hingeline 

Area  Moment  (Normal  to  hinge  line) 


FULL-SCALE 

223. 

368.34 

119.623 

55.1922 

0.2096 

0.4004 

0.00 

-10.056 

0.00 

851.1502 


MODEL  SCALE 

0.20122 

llr05020 

s.saaoa 

■I>fiS57Z 

0.2096 

0.4004 


.0.00 

-10.056 

0.00 
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TABU  III.  • Continued. 

MODEL  COMPONENT?  Body  Plap  - Fg 

» 

GENERAL  DESCRIPTION?  Confi^-^irr.tlon  4 


Model  Scale  - .050 

DRAWING  NUMBER  VL70-000140B,  VL70-00Q2OO 

DIMENSION?  * . PULL  SCALE  MODEL  SCALE 


Length  in. 

Mox  Width  in* 

Mox  Depth  in. 

FfHeneis  Retio 
Areo  - ft* 

Max  Cross^Seetlonol 

Plonform 

Wetted 

Bose 


6h«7 

. 262.308 
23.000 


2«sa 

7^86924 

;.0i60000 


• 1S8.8S350  0.14297 


41.89642  • 0.03771 


ORIGTMAUl?Al*lJ 
Of  POOR 


4 
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TABLE  in.  - Continued. 


M006L  COMPONENT:  QMS  POD  - M; 

OENERAL  DESCRIPTION:  ^cnfiyjrfctlon  3A 


Hodel  Scale  - .030 

VL70-000U0A 

DRAWING  NUMBER  . VL70-0001A5 


DIMENSION: 

Uf^tH  (KS  FWd  Ste  Xj>=1233.0)  - IK. 
Max  Width  (QXo=*U50.0)  - DI. 

Mox  Depth  (Q  Xo“1493.0)  - IN, 

Plnenett  Rdtio 

Areo 

Mox  Cross^Sectloiictl 

Plonform 

Wetted 

Bose 


PULL  SCALE 

32T.000 

94.3 

109.000 


mooel 

9.810 

2.83S0 

3,220 


I 

*• 


0 
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TABLE  III.  - Continued. 
MODEL  COMPONENT:  NOZZLES  - N25 


GENERAL  DESCRIPTION:  Conflfuretion  3A  DSSM  Nozilos 

* 

Model  Seale  * .030 

««  VL72-0CXS»A 

DRAKZNG  NO,  vt77-0C0036A 

• ♦ 

DIMENSIONS 

• . « 

FULL-SCALE 

MODEL  SCALE 

MAGi  NO. 

• 

DIAMETER  DEX  ~IN  (One  Nozzle) 

141.3 

4.2390 

diameter  DT  IN 

DIAMETER  DIN  IN 

— 

ON~OECR£ES 

AREA  - FT^  (One  Nozzle) 

* 

* 

MAX  CROSS-SECTIONAL 

108.89595 

0.09801 

CIMBAL  ORIGIN 

En 

Zo 

usFT  NOZZLE  - n:.  P.S. 

1825.3 

-243 

400 

RIGHT  nozzle  --  IN.  FS 

1825.3 

+243 

400 

NULL  POSITION  - DEG. 

FITCH 

YAW 

LEFT  NOZZLE 

±8 

RIGHT  NOZZLE 

±8 

18 
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TABLE  III.  - Continued. 


NODEI.  CQMPQNEMT!  NOZZLES  - Ngs 

6ENEIUU.  DESCRIPTION:  ^.cftfl7Mratlcn  3 A Noy.zlo 


Kbdel  Scale  » .030 

ttRAliriWti  NO,  Vt70-0001/tOA 

DIMENSIONS  fUU.-SCALR  MODEL  SCAU. 

MAdi  NO.  

DIAMETER  DEX  IN  (One  nozsle)  

DIAMETER  DT  ~ IN  __  • 

DIAMETER  DIN  IN  * 

ON  ^DECREES  


AREA  - (one  noazle) 

MAX  Cross-sectional 


6IMDAL  ORIGIN 

1£FT  NOZZLE  ~ IN. 
RIGHT  NOZZLE  ^ IN. 


^ Xfl. 

1515.0  "Sa.o 

1518.0  ^88.0 


Nua  EosmoN  ditch 

LEFT  Kft-  yte  (Null  Pitch  15*49 Vfcw  12*17'  ^ 

OOTB'D)  ' ' " ■ 

4.00 

RIGHT  NOZZLE  (Null  Pitch  l5.*-49*-:  T^w  12*17'  -® 

OGTS'D)  


492.0 

492.0 


YAH 

i3*TrnOT'D 
2*30'  IMP'D 
13*17'  O’TB*:) 
2*17 » r^P*D 
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TABLE  III.  - Continued. 


MODEL  COMPONENT:  RUDDER  ■ ^ 

GENERAL  DESCRIPTION:  2A,  ? end  3A  ConflffurAtion  per  Rockwell  Unea 

n7O-O0OO9$ 

« 

Model  Scale  - *030 


DRAWING  NUMBER:  VL?CMX)(X)95 


DIMENSIONS: 

Area  - Ft2 

Span  (equivalent)  - IN. 

Inb'd  equivalent  chord 

Outb'd  equivalent  chord 

Ratio  niovable  surface  chord/ 
total  surface  chord 

At  Inb'd  equiv.  chord 

At  Outb'd  equiv.  chord 

Sweep  Back  Anqies,  decrees 

Leading  Edge 

Tailing  Edge 

Hingellne 

Area  Moment  (Normal  to  hinge  lino)-  FT^ 
Product  of  Area  and  Kean  Chord 


RILL>SCALE 

106.38 

SO.  813 


0.A00 

O.AOO 


S2L21 


MODEL  SCALE 

0.09S74 

6.0300 

2^74785 

1.S2499 


O.LQO 

O.AOO 

gt.a 

3t-83 

0.01420 


TA3LE  III.  - Corttinued. 

MODEL  COMPONENTt  BOOSTER  SOLID  ROCKET  MOTOR  - $12 

OENEPAL  DESCRIPTION:  Configuration  3A,  P&t4  for  (1)  of  (2)  sides, 


oer  Kock\;eii  Line? 

.Kbdel  Seale  » .030 

VL72-0000S8A 

DRAWING  NUM6ER  VL77-000036A 

• 


DIMENSION: 

FULL  SCALE 

MODEL  :XAlt 

‘ Length  (Includes. Kozzle)  - IN. 

1741.0 

52.2300 

Mox  Width  (Taflk  Die)  - IN. 

142.3 

4.2690  . 

Mox  Depth  (Aft  Shroud)  ->  IN. 

192.0 

5.7600 

Fineness  Rdtlo 

9.04771 

' 9.06771 

Areo  - FT2 

Mox  CrossoSeetlonol 

201.06193 

0.18096 

Flonferm 

Wetted 

Bose 

♦ 

WP.of  BSRM  Centerline  (Zt)  - IN. 

400 

12.000 

FS  of  BSRM  Nose  (Xf)  - IN. 

200 

6.000 
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TABLE  III.  <;  Continued.  » 

H)D£L  COMPONEKts  ~ ^8 • 

GENERAL  DESCRIPTION:  j: 

NCTS:  Sirdler  to  V5  vl.th  radius  on  TK  upper  crmsr  tnd  W Ic'.rer  ccmer 


vbere  vertical  iR‘?ets  fusela**^. 

Wodel  Seale  « .030 

VL70-000140H 

DRAWING  NUMBER:  ' YI70-0001L6A 

DIMENSIONS: 

TCfTAL  DATA 

Area  (Theo)  Ft^ 

Planform 
Span  (Theo)  In 
Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Sweep  Back  Angles,  degrees 
Leading  Edg<» 

Trailing  Edge 
0*25  Element  Line 
Chords: 

Root  (Theo)  WP 
Tip  (Theo)  WP 

Fus.  Sta.  of  .25  MAC 
W.  P.  of  ,25  MAC 
B.  L.  of  ,25  MAC 
Airfoil  Section 

Leading  Wedge  Angle  Deg 
Trailing  Wedge  Angle  Deg 
Leading  Edge  Radius  (tan)  » IN. 
Void  Area 

• Blanketed  Area 


FOLL«SCALE  MODEL  SCALE 


a3,253  0.?7X9? 


315. 7P0 
1.675 
0.507 
0.A0399 

45.00 
25.947 
U.130 

$68.500 

108.470 

199.80756 

:L463.^Q.- 

0.0Q-, 

10.00 


JJu32Q. 

1102. 

jm. 


■■9,. 4.7160 

1.S75 

0.5C7 

0.40399 

45^00 

25.947 

4U?90— 

S. 99423 

■45,3050 

19.06566 

-QJ22 

10.00 


0.060 

6.01185 


JiL^ 
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TABLE  111.  - Concluded. 
MODEL  COMPONENT:  ' “l16 

GENERAL  DESCRIPTIfetl  Configuration  4 


• NOTE:  Identical  to  Wn4  except  airfoil  thickness.  Dihedral  angle  is  p.long 


trailing  edge  of  wing. 

• 

Model' Scale-  *030 

TEST  NO. 

. 

• MG.  K). 

DIMENSIONS:  . 

• FULL-SCALE 

MOOa  SCALE 

TOTAL  DATA  ’ 

Area  tineo.)  Ft* 

_ ^421Q_ 

Planform 

zmiPSi 

Span  (Theo  In« 

.,.28.10045, 

Aspect  Ratio 

2.26S 

Rate  of  Taper 

■ ■ 1.177, 

lt,17.I- 

Taper  Ratio 

-m- 

. 0.200 

0 

ihedral  AngUp  degreesCat  Xo«lS06.623,Yo« 

3.500 

Incidence  Angle « degrees  10S»  Zg-  282.75) 

O-SOO 

, 0.50,0,... 

Aerodynamic  Tvii St,  degrees  . 

.,♦5.000, 

Sweep  Back  Angles,  degrees 

Leading  Edge 

45.00 

45*00 

Trailing  Edge  . 

-i0.o5o 

-ib.uio ' ■ 

• 

. 0.2S  Element  Line 

is.i69  . 

35.209 

Chords: 

689.2420 

Root  (Tneol  B#P aOeOv 

20.67129 

Tip,  (Theo)  B.P. 

■l37.'B48d' 

4J3SAP 

• 

MAC 

-474.BUZ-, 

.14.24425 

♦ 

• Fus.  Sta.  of  .25  MAC 

' 11?^, 721 

.^22^.80162 

..  M.P.  of  .25  MAC 

jg.i.Qol, 

.,,,8^22000 

• 

B.L.  of  .25  MAC 

S„82afl5 

EXPOSED  DATA 

1812.2205 

1.63010 

Area  tfi^eo)  Ft*  ' ' • 

Span,  (Theu)  In.  BP108 

736.6816 

— 22710825 

Aspect  Ratio  ; 

2.058 

2.058 

Taper  Ratio 

0.2451 

0.2451 

Chords 

17.11869 

RootBPlOB 

S70.623Q_ 

Tip  1.00  b 

»,7.8?12- 

4.12554 

MAC  . ‘ 

354.2376 

FUS.  Sta.  of  .25  MAC 

il64.237 
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292.00 

8.76000. 

• ♦ 

B.L.  of  .25  MAC 

■2?P,t^77«A, 

. , ,, 7.10034- 

Airfoil  Section  (Rockwell  Mod  NASA) 

XXXX-64 

0.113 

0.113 

. 

Rodt  b » 0.425 

Tip  b • 1.00 
1 

• 0.12 

0.12 

Data  for  (1)  of  (2)  Sides 
Leading  Edge  Cuff  « 
Planform  Area  Ft* 

iis.m 

~ O.ioasQ 

Loading  Edge  Intersects  Fus  l«  9 Sta 

505.0 

JLS. 15000. 

Leading  Edge  Intersects  Wing  Q Sta 

1003. S 

U0.10SQ1L 

M 


. IMS. 


I 

i 
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TABLE  IV.  ~ ORBITER  FUSELAGE  PRESSURE  ORIFICE  LOCATIONS 
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data  in  datasets  RB3BXX 


TABLE  VI K « ORBITER  BASE,  BODYFLAP.  AND  QMS  NOZZLE  PRESSURE 

ORIFICE  LOCATIONS  . 

ORBITER  BASE 


LOCATION 


Orbiter  Sting  Cavity 

Orbiter  Base  (Lower  Left  Comer) 

QMS  Nozzle  Base 


data  In  datasets  RB3CXX 

RUDDER  FLARE  BASE 


ORIFICE 

NUMBER 


BODY  FLAP 


RUDDER  2^ 

FULL 

NtODEL 

72S 

18.75 

625 

21.75 

data  In  datasets  RB3CXX 
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data  In  datasets  RB3FXX 

LEFT  (»1S  NOZZLE  SURFACE 


NOZZLE  EXIT 


MOOEl 
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.60 


0 ^ DBG. 

135 

180 

225 
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data  in  datasets  RB3EXX 


TABLE  VIII.  - EXTERNAL  TANK  PRESSURE  ORIFICE  LOCATIONS 
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data  In  datasets  R63TXX 


TABLE  IX.  LEFT  SRM  PRESSURE  ORIFICE  LOCATIONS 


data  in  datasets  RB3SXX 


TABLE  X.  ORBITER  ATTACH  POINT  PRESSURE  ORIFICE  LOCATIONS 
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data  In  datasets  RB31XX 


Xt  Full 
Scale 

U03 

1093 

10S3 

X<p  Ifodel 
Seale 

33.09 

32.79 

32.49 

XtAt 

.424 

i 

.419 

.U3 

FrfD 

ATTACH 

684 

676 

668 

685 

677 

669 

POICT 
(ORBITEP. 
TO  E-T) 

686 

678 

670 

687 

679 

671 

688 

680 

689 

681 

673 

690 

682 

674 

691 

683 

675 

TABLE  XI.  - EXTERNAL  TANK  ATTACH  POINT  PRESSURE  ORIFICE  LOCATION  - Concluded 


X1./J4. 


ATTACH! 


1 

2078 

2068 

2058 

2048 

2038 

2028 

2018 

02.34 

62.04 

61.74 

61.44 

61.14 

60.84 

60.54 

.948 

.943 

.938 

.932 

.927 

.921 

.916 
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766 

778 
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779 
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780 

769 

781 

770 

743 

732 
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733 
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734 

746 

735 

747 

736 

782 

772 

760 

783 

773 

761 

784 

774 

762 

785- 

775 

786 

776  - 

'V  DEG, 


234.04 


237.58 


241.12 


244.66 


248.2 


251.74 


255.28 


323.51 


327.05 


330.59 


334.13 

337.67 

341.21 

344.75 


data  in  datasets  RB32XX 


PcHifive  directions  of  force  coefficients 
moment  coefficients,  and  angles  are 


Stability  and  body  axts  systems 


51 


Orifice  location  nomenclature  diagram 


LVAP 


Integrated  Vehicle  • 2 balances,  with  attach  structure 
Figure  2.  - Continued 


Installation  side  view 


CQMy<60g>CT\OM  — A>tU 


Canopy,  Cg,  and  body,  B26;»  lines  drawing  VL70-000193  and  VL70-Q00140A/B 

Figure  2.  - Continued 


Wing,  lines  drawing  no.  VL70-000200 

Figure  2.  - Continued 


Vertical  tail,  Vg,  and  rudder,  Rg,  lines  drawing  V'.;0-000146A 

Figure  2.  « Continued 


n.  Rudder.  Rg,  lines  drawing  no.  VL70-000095 
Figure  2.  - Concluded 


Front  view  of  model  installed  in  tunnel 
Figure  3.  - Conti nueo. 


Rear  view  of  model  installed  in  tunnel 
Figure  3.  - Concluded. 
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SIDESLIP  ANGLE.  BETA.  DEGREES 

FIG.  6 LV  (01  T12  SI2  N25)  . MACH  = 1.55  [TANK  + SRM  BAUNCE) 


SIOESLIP  AN6UE.  BETA.  DEGREES 

FIG.  G LV  (01  T12  S12  N25)  . MACH  = 1.55  (TANK  ♦ SRM  BALANCE) 
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SIDESLIP  ANGLE.  BETA.  DEGREES 

FIG.  6 LV  (01  T12  SI2  N253  . MACH  = 1.55  (TANK  + SRM  BALANCE) 


loci 


FIG.  7 LV  (01  T12  S12  N25) 


1 


SIDESLIP  ANGLE.  BETA.  DEGREES 

FIS.  7 LV  (01  T12  S12  N25)  . MACH  = 2.2  (TANK  + SRM  BALANCE) 


FIG.  7 LV  (01  T12  S12  N25) 
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APPENDIX 

TABULATED  FORCE  DATA 


Tabulations  of  plotted  data  are  available 
on  request  from  Data  Management  Services. 
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